ABSTRACT Congenital malformations of the bronchopulmonary airway and related arterial blood supply are a complex group of lesions in which abnormalities of venous drainage and lung parenchyma may coexist. Twenty five cases have been analysed, by a method whereby each anatomical component is separately considered. All 25 patients had abnormalities of the tracheobronchial tree, with no connection to the abnormal segment in nine cases. The aberrant arterial blood supply was single in 16 cases and multiple in nine cases, one patient from the latter group having a mixed pulmonary and systemic arterial supply to a part of the abnormal segment. Seventeen patients had anomalous venous drainage. In nine of these the vein or veins (they were multiple in four cases) drained the major part or the whole of the lung, whereas the aberrant arterial supply was limited to the right lower zone-that is, mismatched anomalous venous drainage. Abnormalities of lung parenchyma included changes within the lesion (for example, cysts, foregut inclusions) and associated abnormalities of surrounding lung (for example, hypoplasia, abnormal lobation). This information, together with the clinical features and haemodynamic data, was found to be essential for decisions on appropriate management. Patients presenting in infancy with haemodynamic disturbance continue to present major management problems (50% mortality), particularly if there are associated congenital heart defects. The role of aberrant systemic artery occlusion or ligation as a first stage procedure is well established in patients with haemodynamic abnormalities. There may be a place for this procedure in selected patients who have no haemodynamic disturbance at presentation.
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Congenital malformations of the lung are an ill defined group of conditions. To the paediatric chest physician abnormalities such as lung cysts, lobar emphysema, and cystadenomatoid malformations present as isolated conditions. To the paediatric cardiologist areas of abnormal lung with an anomalous systemic blood supply may present predominantly because of haemodynamic disturbance. In many instances, however, the clinical and morphological features in these two groups of patients show considerable overlap, differing only in their arterial blood supply. In both groups of patients there may be asso-410 should be included in the sequestration spectrum. '-4 The inadequacies of the current 1 Two.further vessels are now seen arisingfrom the aorta and supplying the same abnormal segment.
VENOUS DRAINAGE
Seventeen patients (68%) had anomalous venous drainage, but in only one of these was the lesion extrapulmonary, as traditionally expected. The other 16 had intrapulmonary lesions, in which according to earlier ideas normal venous drainage is customary. 5 In nine of these the anomalous vein or veins drained not only the abnormal segment but the major part or whole of that lung (figs 3 and 4), conforming to the scimitar arrangement.7'0 We emphasise the importance of this aspect with the following two cases. In the first patient injection of contrast into the aberrant systemic artery (fig 3) outlines the vein draining the right lower zone and the direction of the vein suggests that it drains at least part of the upper zone as well. Should this patient have a right lower lobectomy, ligation of this trunk would result in infarction of the rest of the right lung and almost inevitably in death. In another patient two venous channels are outlined (fig 4) that drain most of the right lung. Ligation of one of these trunks occurred inadvertently in one patient, with the disastrous consequences we have described. There was more than one draining vein in four patients.
ABNORMALITIES OF LUNG PARENCHYMA
Here we describe the site of the abnormal segment, abnormalities within the abnormal segment itself (for example, cysts, adenomas, ectopic foregut inclusions), and associated abnormalities of surrounding lung (for example, hypoplasia, abnormal lobation).
Clements, Warner, Shinebourne In 24 cases the site of the lesion was intrapulmonary (enclosed within the pleural layer surrounding the lung). These abnormalities were found in the right lower zone in 16 cases, the right upper zone in one case, and the left lower zone in seven cases. Only one patient in our series had an extrapulmonary lesion (ectopic lung tissue lying outside the pleura surrounding the rest of the lung). This lesion was discovered coincidentally in the right upper zone posteriorly in a patient undergoing thoracotomy for removal of a bronchogenic cyst. Associated pulmonary hypoplasia was recognised in 13 patients by radiographic evidence of reduced lung volume, a small thoracic cage on that side, and usually mediastinal shift. The hypoplasia always occurred on the right side. Abnormal lobation was found in 10 patients but may well have been present in others where it was not delineated, particularly in those patients with associated lung hypoplasia and mismatched anomalous venous drainage. Abnormal lobar patterns generally took the form of a unilobar or bilobar right lung, but in three patients we found an arrangement which, to our knowledge, has not been previously described. One underwent thoracotomy for ligation of the anoma- lous systemic arterial supply to the right lower zone.
The right lung was noted to be bilobar with the upper zone hypoplastic and supplied by a hypoplastic right pulmonary artery. From the inferior medial aspect of the right upper zone a segment of lung extended across the midline into the left hemithorax. The pulmonary artery angiogram in this case ( fig 5) shows a hypoplastic right pulmonary artery with two branches traversing the midline to supply the crossover segment. In all three patients the finding of the crossover segment was associated with a hypoplastic right lung with abnormal lobation, aberrant arterial supply to the right lower zone, anomalous venous drainage of the whole or a major portion of the right lung, and diaphragmatic eventration or hernia on the same side. intestinal,2 and other respiratory tract anomalies'
were noted in 14 of our patients. These must all be considered in the planning of management-in at least four patients they were a major factor contributing to death. We have found the combination of severe right lung hypoplasia and associated congenital heart disease a poor prognostic feature in bronchopulmonary-vascular malformations. Of the intracardiac defects, atrial septal defect was the commonest (eight cases), in keeping with most other reports.'2 One patient with an atrial septal defect also had a ventricular septal defect and patent ductus arteriosus. The two remaining patients both had ventricular septal defects, one in association with coarctation of the aorta. There were three diaphragmatic eventrations and two diaphragmatic hernias, all on the right side and associated with right lung hypoplasia. One patient had a gastric duplication cyst connected by a fibrous band through the diaphragm to an intrapulmonary abnormal segment containing ectopic pancreatic tissue. This patient also had anal anomalies and has been described elsewhere. ' Clements, Warner, Shinebourne may bear little resemblance to the abnormality present at birth. All of this points to a role for occlusion of the aberrant systemic artery in infants who do not have parenchymal changes at presentation, in the hope that some of these changes may be prevented and later surgery avoided. A double bonus may also be achieved in patients who already have parenchymal damage, in whom surgical resection would be the usual consideration. Embolisation of the systemic arterial supply to this segment would allow the option of expectant management for a period related to the degree of symptomatic improvement.34 If surgical resection was then still considered necessary, the risk of vascular complications at operation-a major source of morbidity and mortality-would be greatly reduced. Infarction of the lung or segment after occlusion of the systemic artery supply has not been reported and it is just possible that in some of these patients the pulmonary artery supply to this area would improve with time.
Pulmonary infarction after ligation of the anomalous venous trunk is, however, recognised in patients with the scimitar arrangement. 
SUMMARY
Congenital malformations of the tracheobronchial tree and related arterial supply are a complex group of lesions where associated abnormalities of venous drainage and lung parenchyma may coexist. Using our experience of 25 cases, we have developed an approach whereby all these anatomical component features are considered in each case. This information, together with the clinical findings and haemodynamic data, is essential for decisions on appropriate management. The wide variation encountered in these conditions is emphasised by analysis of the prevalence of the component features. The role of aberrant systemic artery occlusion or ligation as a first stage procedure is well established in patients with haemodynamic abnormalities. In addition, there may be a role for this procedure in selected patients who have no haemodynamic disturbance at presentation for the reasons stated. The approach outlined in this paper may lead to improved understanding and management of these complicated congenital malformations.
